Abstract: The outside-in, percutaneous release of the medial collateral ligament (MCL) is a technique used to increase the medial tibiofemoral joint space during arthroscopy to facilitate the use of instrumentation and improve visualization without causing iatrogenic cartilage damage. A recent systematic review of the literature has shown this technique to be efficacious and safe, with no evidence of associated short-or long-term complications. This technique has been used for this indication by the senior author without requiring any deviation from our institution's standard protocol for knee arthroscopy. In an attempt to standardize this technique's utilization and allow for further evaluation in the literature, the senior author's method for this percutaneous, outside-in approach of "pie crusting" the MCL is described.
A rthroscopy remains the most widely performed procedure within orthopaedic surgery for the treatment and evaluation of intra-articular knee pathology. 1 Complete access to certain areas of the knee, specifically the posterior medial compartment, can present a technical challenge during arthroscopy in patients with a tight tibiofemoral joint space. In scenarios with limited visualization or room for instrumentation, surgeons risk inadequately addressing pathology or causing iatrogenic cartilage damage. The percutaneous, outside-in approach of "pie crusting" the medial collateral ligament (MCL) is 1 method described in the literature by which surgeons may increase the effective medial joint space of the knee intraoperatively to reduce these risks. 2 Despite concerns regarding the associated morbidity of performing MCL release during knee arthroscopy, a recent systematic review of the current literature showed this technique to be an efficacious way of increasing the medial joint space of the knee without causing any significant short-or long-term complications. 2 With additional evidence emerging that supports the use of this technique, further description and standardization of its performance should be established to facilitate its future use and examination in the literature. 3 The technique described in this article is used routinely at our institution in situations in which valgus stress proves to be insufficient in adequately increasing the medial joint space of the knee. The purpose of this Technical Note is to describe the senior author's current surgical technique of performing a percutaneous, outside-in, pie-crusting of the MCL, in which bracing is not typically performed postoperatively.
Surgical Technique Surgical Setup and Preoperative Examination
The patient is positioned supine on the operating room table in the standard arthroscopy position. A lateral arthroscopic stress post (Allen Medical Systems, Acton, MA) is placed proximal to the knee, around the level of the tourniquet, to allow for valgus stress to be applied intraoperatively. A nonsterile tourniquet (Stryker Corporation, Kalamazoo, MI) is positioned high on the thigh, and the operative lower extremity is prepared and draped in a standard sterile fashion.
Surgical Approach
A standard anterolateral viewing portal and anteromedial instrumentation portal are created at the joint line, lateral and medial to the patellar tendon, respectively. The knee joint is insufflated with normal saline, and a 4.0-mm, 30 arthroscope (Stryker Corporation) is used to visually inspect the intra-articular anatomy in a standard manner for diagnostic knee arthroscopy. 4 Depending on the particular surgical indication, a variety of instrumentation may be used to address the respective pathology.
While using the 30 arthroscope to inspect the medial compartment of the knee, the knee is brought into 30 of flexion. A valgus force is then applied to the knee against the lateral arthroscopic stress post by the surgeon's hip or an assistant to stretch the MCL fibers and increase the medial joint space. If it is determined that medial access is restricted in allowing adequate visualization of pathology or safely facilitating instrumentation without causing iatrogenic cartilage damage, percutaneous release of the MCL may then be performed.
Percutaneous Release of the MCL
A detailed video of the technique is provided in Video 1. First, bony landmarks are found by palpation, and the medial epicondyle and tibial plateau are marked. Using the anatomy of the superficial MCL described by LaPrade et al., 5 a mark is made in the posterior aspect of the MCL, just proximal to the joint line. This point, which represents the location the percutaneous release is to be performed, is measured 1.5 cm posterior and slightly distal to the medial epicondyle ( Figure 1 ). To further ensure accurate needle placement, insertion of the arthroscope into the anterolateral portal can be used for transillumination of the joint space ( Figure 2 ). Next, a constant valgus force is applied to the knee by the surgeon or an assistant. Using an 18-gauge spinal needle (Becton Dickinson, Franklin Lakes, NJ), the skin is penetrated in only 1 location at the position previously marked ( Figure 3 ). While the needle remains penetrating the skin, the surgeon inserts and withdraws the needle from the superficial MCL while changing the orientation of the spinal needle in an anterior to posterior direction ( Figure 4 ). The number of sequential insertions and withdrawals of the needle required to perform an adequate release varies between patients. While the percutaneous release is being performed with the spinal needle, the medial compartment is visualized simultaneously through the arthroscopic camera to ensure the appropriate opening of the joint space ( Figure 5) . Typically, the release is represented by an audible pop that corresponds with an acute increase in medial compartment joint space. This can be confirmed by simultaneous intra-articular visualization ( Figure 6 ). On examination, this occurrence typically corresponds with new grade 1 laxity of the MCL. After this point, no further fenestration is performed using the spinal Figure 1 . An image of the medial left knee illustrates the landmarks used and the measurements made to identify the desired location for the percutaneous medial collateral ligament (MCL) release. The medial epicondyle of the femur and the medial tibial plateau are located by direct palpation and marked. The optimal location for the performance of the percutaneous release can then be measured relative to these landmarks with the use of a ruler. Figure 2 . Before performance of the percutaneous release, the arthroscope should be positioned in the anterolateral portal to permit adequate visualization of the medial compartment, while also providing transillumination of the medial joint space to further ensure accurate needle placement with respect to the marked landmarks and native knee anatomy. This setup is shown by an image before the percutaneous release of a right knee being performed. Abbreviation: MCL, medial collateral ligament.
needle. The percutaneous release is complete, and the surgeon is able to proceed with the remainder of the knee arthroscopic procedure.
Postoperative Rehabilitation
All surgeries are performed on an outpatient basis. For a standard diagnostic arthroscopy or arthroscopy with concomitant meniscectomy, loose body removal, or chondroplasty, the knee is not immobilized with a brace postoperatively. In the instance of a meniscal repair or meniscus root repair, the patient is placed in a hinged knee brace (DJO Global, Lewisville, TX) that prevents flexion beyond 90 for 6 weeks postoperatively. Both of these protocols regarding postoperative bracing are in accordance with the standard 
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e395 postoperative protocol at our institution, regardless of whether a concomitant percutaneous MCL release is performed. For a general knee arthroscopy with partial medial meniscectomy, loose body removal, or shaving chondroplasty, patients are allowed to bear weight on the operative extremity without a brace, and a series of progressive exercises are used to improve range of motion and strengthen the quadriceps muscles. In our protocol, patients typically progress from body weight exercises and simple movements emphasizing active-assisted range of motion stretching toward more complex, closed-kinetic chain exercises. There are no alterations made to the typical rehabilitation instructions or protocol in patients who undergo percutaneous release. Serial functional evaluation is made during follow-up clinic appointments occurring 2 and 6 weeks postoperatively. At each clinic follow-up appointment, manual valgus stress test with the knee in 30 of flexion may be performed without additional precaution to evaluate for laxity if it is suspected clinically. Patients are allowed to progress to activities as tolerated, and a gradual return to sports is allowed when they have achieved full range of motion, are without effusion, and can successfully complete sportsspecific drills.
Discussion
The outside-in, percutaneous release of the MCL is an emerging technique for increasing the medial tibiofemoral joint space during knee arthroscopy to improve access for a variety of intra-articular pathologies. As with any surgical intervention, various risks and benefits exist regarding its use (Table 1) . Several studies, including a recent systematic review, have shown this technique to be safe and efficacious, but further description and standardization of this technique are required to optimize its clinical use and future study.
Commonly, MCL release has been described in an outside-in percutaneous manner, in which a needle is used to disrupt the fibers of the superficial MCL. 3, [6] [7] [8] [9] [10] [11] Alternatively, Javidan et al. 12 described a method in which a banana blade was used to perform an arthroscopic release of the deep MCL. Chung et al. 9 also described a method in which they performed an open release of the distal insertion of the superficial MCL with a periosteal elevator. In descriptions in which a needle was used percutaneously to generate joint space widening, methods of fiber disruption included inflicting multiple punctures in the MCL 7, 8, 10, 11, 13 and division of fibers. 3, 6, 14 We advocate for the use of a single superficial puncture site with additional subcutaneous disruption of fibers, as it minimizes the invasiveness of the procedure while allowing for control of joint space widening under direct visualization. Furthermore, the use of a spinal needle offers an inexpensive and readily available instrument, without additional resources needed for performing the release.
Studies examining the percutaneous release of the MCL also notably differ in the location of the MCL release, which has varied from the femoral side of the MCL, 7 the tibial side of the MCL, 14 or at the joint line. 11, 13 One study examining outcome after percutaneous MCL release even made no mention of where Figure 6 . Intra-articular visualization through the anterolateral portal is used to confirm the adequacy of the release performed on the medial collateral ligament (MCL) and can be used to ensure appropriate access to the injury of interest. This image provides an intra-articular view of the medial compartment width before (left) and width generated after performance of the MCL release (right) on the right knee. the release was performed. 15 Thus far, it is unclear whether the location of the release makes a difference in the amount of additional joint space opening, although all have been performed safely without causing significant short-or long-term morbidity to patients. 2, 7, 11, 13, 15 Future research is needed to quantify the additional joint space opening provided by percutaneous MCL release and document its return to normal postoperatively.
Finally, a lack of consensus exists for postoperative bracing after the release. Given the paucity of literature examining this technique, the decision to brace has largely been determined by the degree of conservatism of the respective surgeon. Those who used a hinged knee brace postoperatively acknowledged their decision to be precautionary, as no literature currently shows that bracing is warranted. 3, 7, 9, 13 As no evidence currently exists supporting postoperative bracing, we do not advocate for routine bracing, as this adds cost to patients and the health care system in the absence of demonstrated value.
This Technical Note presents a description of the senior author's intra-and postoperative protocol for percutaneous MCL release, which has been used successfully to increase access to the medial tibiofemoral joint space during arthroscopy. Further studies are needed to determine the optimal technique for MCL release and to standardize its use for clinical practice.
